Solid films of pure chitosan, chitosan-LiCF 3 SO 3 , chitosan-NaCF 3 SO 3 , and chitosan-AgCF 3 SO 3 were prepared using solution cast technique. The influence of cation size on the chitosan structure has been investigated by X-ray diffraction technique. The interaction between the alkali metal ions and the donor atoms of chitosan polymer is a strong hard-acid/hard-base interaction. It was found that the intensity of crystalline peaks of chitosan decreases with increase of cation size. The impedance analysis shows that ionic transport is high for the high amorphous system. The second semicircle in Z -Z plots and the surface plasmonic resonance (SPR) peaks in chitosan-AgCF 3 SO 3 sample system reveal the formations of silver metal nanoparticles. It was found that the high amorphous sample exhibits the high dielectric constant and dielectric loss values. The increase of dielectric constant and dielectric loss with temperature for chitosan-salt membranes indicated an increase of charge carrier concentration.
Introduction
Polymer electrolytes may be defined as a membrane having enhanced transport properties comparable with that of the common liquid ionic solution. The conductivity of these polymers can be controlled by changing their redox state by means of chemical or electrochemical reduction or oxidation accompanied by insertion of counter ion [1] . Due to the advantages that polymer electrolytes offer over conventional materials, including no internal shorting, leakage of electrolytes, ease of processing, productivity, and cost reduction [2] . In addition, polymer electrolytes possess the advantage of flexibility over inorganic solids [3] . Amorphous solid electrolytes (polymer salt complexes) have gained technological importance for their possible applications in a variety of devices such as lithium batteries, fuel cells, electrochromic displays, supercapacitors, and sensors [4] [5] [6] . Polymer electrolytes usually contain both crystalline and amorphous phases. It has been reported that the ion conduction takes place primarily in the amorphous phase [7] .
Chitosan is a biocompatible and biosorbable biopolymer which is currently receiving a great deal of interest for medical and pharmaceutical applications due to its interesting intrinsic properties [8] and it is a polycationic polymer due to the existence of one amino group and two hydroxyl groups in their repeating units [9] . It is well known that chitosan is an outstanding sorbent of extremely high affinity for transition metal ions due to the abundance of polar groups (NH 2 and OH) in chitosan chains which served as conjunction sites [10] . An important feature of chitosan is its ability to be molded in various forms, such as films, porous scaffolds, and hydrogels [11] .
From the fundamental point of view, dielectric relaxation and ion conduction mechanism in solids are the most intensively researched topics in condensed matter physics and especially ionic transport in polymer electrolytes is a complicated subject and not completely understood. Ion transport is complex and depends on factors such as salt concentration, dielectric constant of host polymer, degree of salt dissociation and ion aggregation, and mobility of polymer chains [12] [13] [14] [15] . It was reported, that in polymer electrolytes containing inorganic salts as a dopant, the decrease in XRD intensity of the host polymer is directly related to the dominance of amorphous nature of the solid polymer electrolyte sample; that, is a higher conductivity is associated with more amorphous system [16, 17] . Khulbe et al. [18] used the X-ray diffraction technique to investigate the effect of different solvent on the crystalline nature of dense PPO solid film. To our knowledge, there is no report in the literature about the effect of cation size on structural behavior of chitosan based polymer electrolyte. In the present paper three different salts such as AgCF 3 SO 3 , NaCF 3 SO 3 and LiCF 3 SO 3 have been used to prepare chitosan based solid electrolytes.
The main objective of the present work is to investigate the effect of cationic size on structural and electrical behaviors of chitosan based solid polymer electrolyte. The Xray diffraction (XRD) and electrical impedance spectroscopy (EIS) have been used to characterize chitosan based polymer electrolytes. The frequency range employed for the measurements was typically 50 Hz to 1 M Hz.
Experimental Details

Materials and Sample Preparation.
Solution cast technique was used to prepare chitosan based polymer electrolyte membranes. AgCF 3 SO 3 , NaCF 3 SO 3 , LiCF 3 SO 3 and chitosan (from crab shells; ≥75% deacetylated, Sigma Aldrich) have been used as the raw materials in this study. One gram of chitosan was dissolved in 100 mL of 1% acetic acid solution. The mixture was stirred continuously with magnetic stirrer for several hours at room temperature until the chitosan powder has completely dissolved. To this set of solutions 10 wt. % of AgCF 3 SO 3 , NaCF 3 SO 3 , and LiCF 3 SO 3 was added separately and the mixtures were stirred continuously until homogeneous solutions were obtained. These solutions were then cast into different plastic petridish and left to dry at room temperature in order to allow complete evaporation of the solvent. The membrane films were kept in desiccators with silica gel desiccant for further drying process.
X-Ray Diffraction.
In this paper, XRD was performed to study the nature of complexation between AgCF 3 SO 3 , NaCF 3 SO 3 , LiCF 3 SO 3 , and chitosan. XRD was carried out using X-ray diffractometer (Bruker AXS) with operating voltage and current of 40 kV and 40 mA, respectively. The membrane films were scanned with a beam of monochromatic radiation of wavelength = 1.5406Å and the glancing angles were in the range of 5 ∘ ≤ 2 ≤ 80 ∘ with a step size of 0.1 ∘ .
Impedance Measurement.
Complex impedance spectroscopy is the currently used technique. This study gives information on electrical properties of materials and their interface with electronically conducting electrodes. The complex impedance spectroscopy measurement of a.c.
conductivity is based on studies made on the measurement of cell impedance/admittance over a range of temperatures and frequencies and analyzing them in complex impedance plane. Impedance is a more general concept than resistance because it takes phase differences into account. In a.c., the resistance, , is replaced by the impedance, , which is the sum of resistance ( ) and reactance (Z ) [19] . The solid polymer electrolyte (SPE) membranes were cut into small discs (2 cm diameter) and sandwiched between two stainless steel electrodes under spring pressure. The impedance of the films was measured using the HIOKI 3531 Z Hi-tester (made in Japan, No. 1036555) that was interfaced to a computer in the frequency range from 50 Hz to 1 M Hz. The software controls the measurements and calculates the real and imaginary parts of impedance. The real ( ) and imaginary (Z ) part of complex impedance ( * ) were used for calculation of the real and imaginary parts of complex permittivity ( * ), using the following relations [20, 21] 
From (1) one can get the following relation:
Here ∘ is the vacuum capacitance and given by ∘ / , where is the thickness and is active area of the film. The angular frequency is equal to = 2 , where is the frequency of the applied field.
UV-Vis Measurement.
The UV-vis spectra of the chitosan-silver triflate membrane film have been recorded using a Jasco V-570 UV-Vis-NIR spectrophotometer (Japan, Jasco SLM-468) in the absorbance mode.
Results and Discussion
X-Ray Diffraction
Analysis. X-ray diffraction (XRD) studies can provide a wide range of information on crystal structure, crystal orientation, crystallinity, crystallite size, and phase changes of materials which are characterized by the presence of sharp diffraction rings or peaks [22] . For the present study the X-ray diffraction technique has been used to demonstrate the complex formation between the chitosan polymer and salts and to investigate the effect of cationic size on the crystalline structure of chitosanbased polymer electrolytes. X-ray diffraction (XRD) analysis for pure chitosan film, LiCF 3 SO 3 , NaCF 3 SO 3 , AgCF 3 SO 3 , and their complexes has been performed. Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.) From the XRD results, one can see that the crystalline peaks of lithium triflate salt are located at 2 ∘ = 16. Upon mixing the salts with chitosan host polymer separately, and due to the occurrence of complex formation between the chitosan polymer and salts, a serious change in the structural form has been detected as shown in Figure 2(a-d) .
It is well known that pure chitosan membrane possesses semicrystalline structure as our results have also supported this fact. In the XRD pattern of pure chitosan, the broad peaks at around 2 ∘ = 15 ∘ and 20 ∘ indicate the average intermolecular distance of the crystalline part of pure chitosan membrane [23] . The rigid crystalline structure of chitosan is maintained by intramolecular and intermolecular hydrogen bond which is established by an amino and hydroxyl groups through an absorbed water molecule [24] . It can be observed (see Figure 2 (b)) that, with addition of 10 wt. % LiCF 3 SO 3 , the diffraction pattern is looking almost the same like that of pure chitosan membrane but with relatively low intensity of the crystalline peaks. However, adding 10 wt. % of NaCF 3 SO 3 to chitosan (Figure 2(c) ) has partially made the crystalline peaks of pure chitosan disappear. This can be attributed to the elimination of hydrogen bonding between amino groups and hydroxyl groups as a result of complex formation between chitosan and sodium triflate; that is, the amorphous phase dominates the sample with only a few crystalline peaks being present [25] . These new peaks at 2 ∘ = 8.5 ∘ , 18.3 ∘ , and 23 ∘ in X-ray diffractogram of chitosan: NaCF 3 SO 3 (Figure 2(c) ) may be due to some sort of a long-range order set by the presence of ion multiples [26] . But Sanders et al. ascribed such peaks to the formation of polymer-salt complexes rather than pure sodium triflate salt [27] . Interestingly, an increase in broadness and a complete decrease in the intensity at 2 ∘ = 20 ∘ peak for pure chitosan have been observed in the chitosan: AgCF 3 SO 3 membrane (see Figure 2(d) ). As compared to other membranes, chitosan: AgCF 3 SO 3 membrane showed the most amorphous sample and possessed the highest conductivity value. These results are in good agreement with those made by Hema et al. [28] as they showed that the intensity of XRD pattern decreases with increase in amorphous nature. In other words, the increase in amorphous nature results in greater ionic diffusivity and enhances the ionic conductivity [29] . There is no new peaks that have been observed in the X-ray diffractogram of chitosan: AgCF 3 SO 3 membrane, showing that the silver triflate salt has completely dissolved in the chitosan. This provides us with the interesting fact that the decrease in crystallinity of chitosan based membranes strongly depends on the cationic sizes, that is, Li + , Na + , and Ag + . Since the ionic radius of Ag + ( = 1.26Å) is much greater than Na + ( = 0.95Å) and Li + ( = 0.60Å), the crystallinity of chitosansalt membranes can only disrupt AgCF 3 SO 3 as compared to lithium and sodium triflates. According to Pearson's HardSoft-Acid-Base (HSAB) theory [30] , Ag + is a soft cation and Li + is a hard cation. Large, highly polarizable, easily oxidized, and low electronegativity ions are soft, while those that are small, difficult to polarize, not easily oxidized, and highly electronegative are hard. A strong bond is formed between hard cation and hard anion and a weak bond is formed between a soft cation and a hard anion. Chitosan like polyethylene oxide (PEO) has donor atoms (Oxygen and Nitrogen) with high electronegativity and low polarizability and are, therefore, hard bases [31] . As a result, Ag + and Na + ions interact weakly with the donor atoms of the chitosan host polymer but Li + ion can form strong bonds with the donor atoms [30, 31] . This is because Li + can be easily solvated and accommodate in the chitosan structure without sacrificing the crystallinity. While as, due to large cation size of Ag + and Na + , they cannot fit into the chitosan crystal structure, which leads to loss of polymer crystallinity. Thus, from the above results we conclude that chitosan: AgCF 3 SO 3 sample exhibits high amorphous nature comparing to that of the other two systems. We believe that these noticeable good results obtained for chitosan: AgCF 3 SO 3 sample will nominate the system to be used as a solid polymer film for gas separation as most polymer membranes used for gas separation are of high amorphous or low crystalline structure [18] .
Impedance (
* ) and UV-Vis Spectroscopy Measurements. To get more insight into our investigated polymer electrolytes, an impedance measurement was carried out. The complex impedance plots ( versus ) are commonly used to separate the bulk material (depressed semicircle) and the electrode surface polarization phenomena (tilted spike) [32] . The electrode polarization phenomena (tilted spike) occurs due to formation of electric double layer (EDL) capacitances by the free charges build up at the interface between the electrolyte and the electrode surfaces in plane geometry [32, 33] . The intercept of the semicircle with the real axis ( ) at low frequency (end) gives rise to the bulk (ionic) resistance ( ) of the materials. A common feature of dielectrics with dc conductivity is a discontinuity at electrode/solid dielectric interface, which has different polarization properties than the bulk dielectric. The complex impedance plots at 308 K, which are demonstrated in Figures 3(a)-3(c) , strongly supported our XRD results. It is clear that the bulk resistance for chitosan: LiCF 3 SO 3 (4.175 × 10 5 Ω) and chitosan: NaCF 3 SO 3 (2.14 × 10 5 Ω) is higher than that of chitosan: AgCF 3 SO 3 membrane (2.3×10 4 Ω). In other words, the bulk conductivity of chitosan: AgCF 3 SO 3 membrane was larger comparing to that of chitosan: LiCF 3 SO 3 and chitosan: NaCF 3 SO 3 membranes; that is, the high amorphous membrane exhibits high ionic diffusivity (ionic transport) [29] .
Figures 4(a)-4(c) show the impedance plots for the chitosan salt membranes at 348 K. It is obvious that the radiuses of the semicircles for chitosan salt membranes are decreased with increase in temperature which can be attributed to the increase in conductivity. It can be noticed that chitosanAgCF 3 SO 3 membrane (Figure 4(c) ) exhibits two semicircles compared to other two membranes. The first semicircle (small semicircle) can be attributed to the bulk conductivity, while the second semicircle can be ascribed to the presence of silver nanoparticles. This phenomenon can be more understood by taking the UV-Vis spectra of chitosan-AgCF 3 SO 3 . The variation in bulk resistance (bulk conductivity) for chitosan-salt system at this low salt concentration can be interpreted by identifying two main factors, which control the ionic mobility [34] . Firstly, cations with smaller radii exhibit stronger interaction with the polar groups (electron donating groups) of the polymer backbone, resulting in more inert bonds which decrease the mobility of the cation and thus the lower conductivity. Secondly, smaller cations are expected to coordinate with fewer polar groups and therefore more polar groups will be left uncoordinated at a given composition. This is expected to result in faster average segmental motions for the smaller cations. These two factors influence the conductivity in different direction. The second factor, the difference in the number of polar groups coordinated by the cations, can be expected to dominate at high salt concentrations [34] . The first factor, the difference in bond labiality, can be expected to increase in importance at lower salt concentrations. Therefore, the present impedance behavior is in a good agreement with first factor interpretation and strongly supported by X-ray diffraction analysis (Figure 2(a-d) ).
To investigate the formation of silver metal nanoparticle in chitosan: AgCF 3 SO 3 membrane, UV-vis technique was employed as a common characterizing method. Kang et al. reported that polar polymer solvents can reduce silver ion to silver metal nanoparticle [35] ; this is because silver ions are easily reduced by the lone pair electrons of the polar groups (nitrogen and oxygen) [36] . Figure 5 shows the UV-vis absorption spectra of pure chitosan and chitosan: AgCF 3 SO 3 electrolyte at ambient temperature.
It can be seen from the figure that pure chitosan has no absorption peak in the region 400 nm to 500 nm, while a broad absorption peak with a maximum at 426 nm was observed for chitosan: AgCF 3 SO 3 , which can be attributed to the surface plasmon band of silver nanoparticles. It is confirmed that the absorption peak whose maximum occurs at around 420 nm is related to the formation of metallic silver nanoparticles and the peak intensity gives information on the nanoparticles concentrations [37] [38] [39] . Thus, UV-vis analysis reveals that the appearance of second semicircle in the electrical impedance plots of chitosan: AgCF 3 SO 3 system is attributable to the formation of silver nanoparticles. Consequently both UV-vis and impedance analysis confirm the existence of silver nanoparticles. 
Dielectric Analysis.
The ion transport in polymer electrolyte can be understood from dielectric analysis [40] . Hence, it becomes important to understand the ion conduction mechanism along with polymer segmental relaxation processes in polymer electrolyte. Therefore, the study of dielectric properties can be used to understand the ion transport behavior and to obtain the information of ionic/molecular interaction in solid polymer electrolyte [41] . The complex permittivity function, * ( ) = ( ) + ( ), is a materials property depending on frequency of the applied field, temperature, humidity, structure, and other external factors, where ( ) is related to the energy stored in the material and ( ) is proportional to the energy that is dissipated in each cycle [42, 43] . Figures 6 and 7 show the frequency dependence of dielectric constant and dielectric, loss respectively, at selected temperatures for chitosan-LiCF 3 SO 3 , chitosan-NaCF 3 SO 3 , and chitosan-AgCF 3 SO 3 membranes. At low frequency, due to the long period and thus showing reversal of the electrical field, the mobile ions tend to accumulate at the electrode/solid electrolyte interface. This gives a high value of dielectric constant ( ) and dielectric loss ( ). On the other hand, at high frequencies, periodic reversal of the electric field occurs so fast that there is no excess ion diffusion in the direction of the field. Polarization due to charge accumulation decreases, leading to the observed decrease in dielectric constant and dielectric loss [44] .
It is obvious (Figures 6 and 7 ) that dielectric constant and dielectric loss increase at high temperatures due to the higher charge carrier density. As temperature increases, the degree of salt dissociation and redissociation of ion aggregates increases [40] , as a result of the decrease in bond energies with temperature [45] . Consequently the numbers of free ions or charge carrier density increase. Ramya et al. [46] reported that the increase in the dielectric constant represents a fractional increase in charges within the polymer electrolyte. The dependence of charge carrier concentration upon the dissociation energy and dielectric constant can be explained through the relation, = o exp(− / ), where is the Boltzmann constant and is the absolute temperature. Thus, the higher value in dielectric constant and dielectric loss at high temperatures indicates an increase in carrier concentration, that is, an increase in conductivity.
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The observed power law dispersion in spectra ( Figure 6 ) and the absence of relaxation peaks indicate the dc contribution. This indicates that ionic and polymer segmental motions are strongly coupled. It can be noticed that the chitosan: AgCF 3 SO 3 membrane exhibits higher dielectric constant and dielectric loss compared to chitosan: LiCF 3 SO 3 and chitosan: NaCF 3 SO 3 membranes. This is due to the fact that amorphous regions make the major contribution to both dielectric constant ( ) and dielectric loss ( ) [47] . Thus, the high amorphous and high ionic transport indicate that chitosan: AgCF 3 SO 3 membrane is a good candidate as a solid polymer electrolyte membrane for facilitated olefin carrier transport membranes as the other polymers such as poly(ethylene phthalate) (PEP), poly(ethylene oxide) (PEO), poly(2-ethyl-2-oxazoline) (POZ), or poly(vinyl pyrrolidone) (PVP) [48] .
Conclusion
The influence of cation size on the chitosan structure has been investigated by X-ray diffraction. It was found that the intensity of the crystalline peak of pure chitosan decreased with increasing cation size. This is due to the stability of complexes formed between Lewis acids and bases. It was found that chitosan-AgCF 3 SO 3 membrane exhibits high amorphous nature and the XRD results confirm that the effect of cation size on the crystalline nature of chitosan membrane has the following order: LiCF 3 SO 3 < NaCF 3 SO 3 < AgCF 3 SO 3 . The small radius of the Z -Z curve for chitosanAgCF 3 SO 3 compared to the other two solid electrolytes can be attributed to high conductivity (ionic transport). The appearance of a peak at 412 nm in the UV-vis spectra confirms the formation of silver metal nanoparticles in chitosanAgCF 3 SO 3 system. The high value of dielectric constant and dielectric loss of chitosan-AgCF 3 SO 3 is attributed to the dominance of amorphous nature of the sample. The increase of dielectric constant and dielectric loss with temperature for chitosan-salt systems indicates the increase of charge carrier concentration. The absence of peak in dielectric loss ( ) spectra can be attributed to dc contribution and a wellcoupling between polymer segmental and ionic motions.
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